
AD—A 0 76 232 ARMY ENVIRONMENTAL HYGIENE AGENCY ABERDEEN PROVING OR —ETC
NOISE EXPOSURE EVAL
OCT 79 F 2 SACKS p

!A!FIED ~~~~ A ! 3~123!I
D
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ N,

EF~D
f ! L PEDflflf ll I L  - 79

DDC -

1



1•0 
~: ~~_

~
_ L I

~~~I~.~L...
4 4  L.. 1 12 01•1 L I~~
_ _ _  ~~~~ 118
125

NATIONAL BLmIAU oc STA ~~~~ O$
•tlc~u’~* q~,



_ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I
UNITED STATES AIMY

ENVINUMENTAL HYGIENE
AGENCY

£1111111 PUV~I SIIUUINUZ1S1I

ACOU STICALL NG I NEI R ING N QI S( REDUCTION SPLCLA~ STUQjJ4O. 51~ 34~O2?3-~~
-(N O ISE EXPOSUR E EVALUAT I ON IN RADIO TER MINAL . SET AN/T ~t c - t t 2, (

— 21 JUNE 1979.

~1

~ I / / / —
~

- ED ED C
~~~~~~~~~ r p c ~~r~~

L~~
1
~:cLUJ

Approved for public release; distribution unlimited .

A

~°

~~~IIl ~~~~
— - - — - ----- — - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— --. --—- --- -~~~ — — — -~~~~~~ -~~~~ --~ — — - -— - 
-
~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

UNCLASSIFIED
,EC~~N I Y V  C~~& V~ C & ~~lON O~ Yw i l Ø*Gt t~~~. D.’. * I~~A~~

~~~~~~~~~ & D Arc ItAD IWITmUCTIOW Si~cr ui~, i.pv~ .uM~~~~ I A I IUVI BROS~ COWPL&TD4G ~~~~~r ~~~p~~~ v sw~ sp* S DOVY ACCtIAsO$ NO ~ N I C I P I t $ Y ~$ CA Y ALOS NUN SSN

51—%4-0223—80 
_____________________________

I Y I ? L ( ( ~~~~~~.Niftl.~ 
$ iYP( OP N(PONi A PE~~ OO COVINED

Noise Exposure in Radio Terminal Set Final
AN/TRC-112 N • INVO ~~~~N O ORG. NIP O NY NUM NI N

~~. A~jYi,O~~~s~ S CO.s?NA CY ON ONAR Y NUNN(~~~.)

Felix Z. Sachs and Jeffery P. New

U PSN ~~O~~~ I N O O R G A N I Z A t I O N  W AN E AND AOON SU IISE-O8
US Army Enviro rrental Hygiene Agency
Bloecoustics Ulvislon
Aberdeen Proving riround , MD 21010 

__________________________

I I  CON Y flO I~ I INO O~~V I C S W AN E AND LODASIA Ii REP ORt D A Y S

USmSAA , ATTN : PRXSY-LM
Aberdeen Proving 1,round, MD 21005 24

T4 .O.s I YOR,NO £otwev NAME S Abbat$k$S a.v~~. ~~~~~~~~~ OfR.. IS I Cu R I TY  C~.AS$ (.S ~ s. ~~~~‘u

UP~~ASSIF!EP
11. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~CW(D ~~~S

w ~~I?RiSubON SYA?SNSNT (.S Mgi

Approved for public release; distribution unl imited .

I~ ~~$tR, Iu?ION $ T A t E N C N Y  (.1 Mi ~~.*•,f M~.4 Ii Ri..i S.. It JtIs, ~~ c

I S •U PPL E M I N ? A R V  w O t E S

I$ 5EV VO*0$ (C.W~~ .. ~~~~~~~ .t~~ St s ... ~~~V ~~~ S~~ SSt & Np NI..A ~~~~N~~)

Noise exoosure, hearing conservation, eiuI~wient shelter acoustics,
ANITRC-112 Noise Control

?~~AC ? ~~~~ -— ~~~~~~~~~ ~~~ t I &  Np SMS ~~~~~~~

Noise levels in two radio terminal sets, ANITRC-11?, were measured to deter-
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A suninary of the pertinent findings and recomm endat ions of the inclosed
report follows :

Noise levels in two radio terminal sets , AN/T RC— 112 , were measured to
deterrn ne if the operators are exposed to noise hazardous levels and to
define noise control approaches if required. The noise levels in the two
terminal sets were below the US Army 85 dB, A-weighted hearing conservation
cr iterion. The character of the noise was judged to be annoying because of - 

-

an audible high frequency whine. Some noise control is relatively easil y
attainable but reductions of more than about 4 dB and elimination of the
whine w ill require some redesign of the power inplifier.
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ACOUSTICAL ENGINEERING NOISE REDUCTION SPECIAL STUDY NO. 51-34—0223— 80
NOISE EXPOSURE EVALUATION IN RADIO TERMINAL SET AN/TRC-112

21 JUNE 1979

1. AUTHORITY . Letter, DRXSY-LM , US Army Materiel Systems Ana tysis Activity
(USAMSU), 17 May 1979 , subject: Request for Services of Environmental
Hygiene Agency.

2. REFERENCES.
— 

a. AR 40—5 . Health and EnvIronment , 25 September 1974. 
—

b. TB P€D 251 , Noise and Conservation of Hearing, 7 March 1972.

c. MIL-STD-1474A(MI), Noise Limits for Army Materiel , 3 March 1975.

d. TOC 70-54, En9lneering Test Report on Acoustical Noise Performance of
Radio Set AN/GRC-143 (and Radio Set A14/GRC—144), ITT Defense Corim~jnicationsDIvision , 492 RIver Road , Nutley , NP.) 07110, December 1970.

3. PURPOSE. To assess the noi se conditions associated wi th two troposcatter
radio sets , AH/TRC-112, and define appropriate noise control measures.

4. GENERAL .

a. ~~~~~~~~
(1) The radio termi na l set , AN/TRC- 112 (tropospheric scatter system)

consists of a shelter (l4-inches wide by 79-Inches long) containing an
AN/GRC-143 radio set arid other equipment . The shelter is mounted on the back
of a 3/4-ton truck. The AN/TRC-112 is a signal carrier. Messages are not
received, transmitted , or monitored by the AN/TRC-112 personnel. However,
audible alarms , which indicate equipment malfunctions, are monitored by the
AN/TRC-112 personnel.

(2) Several operators of the AN/TRC-112’ s complai ned of the noise in
the shelters .

(3) ThIs Agency was requested by USAMSU to assess the noise
conditions in the two AN/TRC-112 sets , located at the Delaware National Guard
facilities.
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Acoustical Engr Noise Reduction Sp Study No. 51-34-0223- 80, 21 Jun 79

b. Personnel Contacted.

(1) The point of contact at USAMSAA was Mr. Harold C. Forst , ALJTOVON
283—4473 .

(2) The point of contact at the Delawa re National Guard was ~ T.Lo gema n , AUTOVON 455-9320 .

c. Criteria.

(1) The hearing conservation criteria for US Army military and
civilian personnel are specified in AR 40-S which defines a hazardous noise
level as any steady noise l evel exceeding 85 decIbel s, A-wei ghted (dB(A)] or
any impul se noise exceeding 140 peak dec ibels (dBP). AR 40-5 requires that
hearing conservat ion measures per TB P(D 251 be Initiated whenever personnel
are exposed to such hazar dous noise levels. Among the hearing conservation
measures required Is the elimination , when feas ible, of the hazardous noise
levels by the implementation of engineering noise control measures.

(2) Design stand a rds for noise generated by US Army materiel are
listed in MIL-STD-1474. The design limits for steady noise are categorized
according to the Intended use, generally according to speech coiiumjnication
requirements. Category D is applicable to areas where frequent direct
person-to-person voice convmj nlcat ion is not required. To meet Category D no
octave band level may exceed the following limits:

Octave Band Center Frequency. Hertz (Hz)
125 ~~~~~~~~~ 

- 1000 ~~~~~~~~ 4000 8000

Octave band noise 106 96 89 83 80 79 79 81
level , dB

The l imits of Category D are generally equivalent to the Army ’ s 85 ~~(A)
hearing conservation criterion , although It is possible to meet Category D
and exceed 85 dB(A) .

(3) Category E of MIL-STD-1474 Is applicable to areas where
occasional telephone uSe or occasional direct comvmjnication at distances up
to 5 feet are required. The limit for Category E is a noise level of 75
dB(A) or a preferred speech interference level (PSIL-4 ) of 67 . The P511—4
level i~ a widely used measure of the effectiveness of noise In masking
speech. It is determi ned by aritlvnetically averaging the octave band levels
in the 500, 1000, 2000, and 4000 Hz octave bands.
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(4) Category F of MIL-STD-1474 is applicable to areas where frequent
telephone use or frequent direct voice coimm,nication at distances up to 5
feet are required. The noise limits for Category F are 65 48(A) or a PSIL—4
level of 57. Category F Is also Intended to be equivalent to NC-60. The NC
series of noise criteria was developed in 1957 and is wi del y used in
coimnerclal practice by architects and others In specifying the design limits
for noise in buildings of all kinds. The octave band levels for NC—60 are:

~~~tave band cen€~Tfrequency Hz 
-

~3 125 250 500 1000 2~)O0 4000 8000

Octave band noise 77 71 67 63 61 59 58 57
level , dB

(5) There are no US Army criteria for noise with respect to its
annoyance effects on equipment operators. In comiercial practice, there are
annoyance rating schemes for noise but these are usuall y used for com,arlson
purposes and not for making absolute annoyance predictions. It is generally
recognized that a noise containing an audible discrete tone is more annoying
than a noise composed only of random pressure fluctuation s.

d. Field Instrumentation. The following instruments were used at
Newport to acquire the AN/TRC-112 noise data.

(I) Bruel and kjaer (B&K ) model 2209 precision sound level meter,
serial nt.snber (SN) 471388.

(2) B~K model 1613 octave filter set, SN 310241.

(3) BM( model 4220 plstonphone calibrator , SN 306350.

(4) B~ model 4134 condenser microphones , SN 431156 and 456393.

(5) Nagra model IV S.) tape recorder, SN 7124 .

e. Laboratory Instrumentation. The fol lowing instri.aients were used at
the US Army Environmental Hygiene Agency (USAEHA ) Blo-Acoustics Division
la boratory to analyze the AN/TRC-112 noi se data tape recorded at Newport , DE.

(1) 81k model 2130 frequency ana lyzer , SN 473384.

(2) 81k model 4110 control and disp lay , SN 476009.

(3) 81k model 1616 1/3— octave filter set , SN 579239.
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(4) Raytheon model 704 computer, SN 13700.

(5) Spectral Dynamics (SD ) model SO 301C real-time analyzer, SN 202.

(6) SO model SD 302C ensemble averager, SN 198.

(7) SO model SD 305A octave converter, SN 49.

(8) Houston model 2000 recorder, SN R4826-300.

(9) Tektronix model DC 503 univeral counter, SN B153605.

f. Procedures.

(1) Noise measurements were made primarily to determine if
AN/TRC-112 operators are exposed to hazardous noise. Some measurements were
made to aid in defining noise control measures.

(2 ) Measurements in support of noise hazard assessment were made at
the two microphone positions shown on the Figure , AppendIx A. Both
microphone positions were at the approximate ear level of a seated operator.
The operator can be at any location inside the shelter , but position 2 is
reportedly his most probable location.

(3) Octave band filtered noise l evel readings were taken during the
onsite visit at Newport , D(. These data are tabulated in Appendix B. Noise
data were also tape recorded and the tapes were subsequently analyzed at the
USAEHA Bio-Acoustics laboratory . Narrowband and 1/3— octave band analyses
were performed.

(4) The narrowband analyses were performed using the 50301C
real-time ana lyzer. The frequency ranges were set at 10,000 Hz or 20,000 Hz.
In the 10,000 Hz setting the effective filter bandwidth is 30 Hz, the filter
spacing is 20 Hz, and the sample period is 50 milliseconds. In the 20,000 Hz
setting the effective filter bandwidth is 60 Hz, the spacing is 40 Hz, and
the sample period Is 25 milli seconds. The statistical quality of the
anal ysis of one sampl e period is equivalent to two degrees of freedom. The
SD3O2C ensemble averager was used to average the narrowband analyses of 64
sample periods to yiel d a statistical qual i ty equivalent to 128 degrees of
freedom for the ensemble. Plots for the averaged nirrowband analyses are
presented in Appendix C. Each plot represents the anal ysis of a total sa~ le
time of 3.2 seconds.

(5) The 1/3-octave band analyses of the taped data were performed
using the 81k real-time analyzer. The output of the analyzer was fed Into
the Raytheon 704 computer for hard copy graphic display. The 1/3— octave band
plots are presented in Appendix D.
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5. FIND INGS AND DISCUSSION .

a. The noise l evel at operator positions In the two radio terminal sets
during normal operation was 80 to 83 d8~A). With the power amplifier (PA)
doors open, the noise level was 82 and 85 d8(A) depending on the terminal
set. The above levels do not exceed the US Army hearing conservation
criterion and therefore, the conditions In these two terminal sets are not
considered noise hazardous. It should be noted that the US Army hearing
conservation criterion is based on an 8 hour-per-day work shift. If
operators of the terminal set are routinely exposed to these types of noise
levels for 16 hours-per—day during peacetime then any noise level 81 dB(A) or
higher would be considered hazardous.

b. The octave band noise levels (Appendix B) generally meet the criteria
for Category 0 of MIL-STD—1474. The only except i on is in one of the terminal
sets where the noise In the 4000 Hz octave band is 82 dB when the PA doors
are open. The Category D limit in this octave band is 79 dB.

c. The noise l evels In the shelters are In excess of the limits for
MIL-STD—1474 Categories E and F. The shelters therefore, cannot be
considered suitable for reliable telephone or direct voice conrx.inication.

d. Subjectively, the noise inside the shelters is characterized by a
high-pitched whine riding on top of a broad band random noise. The broad
band noise is generated by the equipment ventilation fans and by the shelter
b l owers.

(1) Figure Cl , Appendix C shows the narrowband spectrum at
microphone position I in terminal set T-07-015-02 (set -02) during the
termina l set turnon sequence. At this phase of the turnon sequence, the
equipment ventilation fans and shelter blowers were on but the radio
frequency (RF) output power was less than 1 watt. The narrowband spectrum
has an essentiall y smooth profile with only one small (6 dB) spike at 2850
Hz. This spectrum is indicative of a broadband random noise with a very
small pure tone component.

(2) Figure C? is the narrowband spectrum of a noise s~~~le taken a
short time I nterval after the sample which yiel ded the spectrum in Figure Cl.
The only difference In the operational conditions Is that ful l RF power was
being generated. Figure C2 shows a 15 dB spike at about 6100 Hz and an 8 dB
spike a~ 9100 Hz. These spikes are the spectral representations of the whine
audible when the i nverter power Is Increased.

(3) Figure C3 is the narrowband spectrum of a noise sample taken a
few mi nutes after the samples of Figures Cl and C2. Figure C3 shows a shift
in the frequencies of the first two spikes, from 2850 Hz to 3250 Hz and from
6100 Hz to 6500 Hz respectively, and the presence of an additional spike at
9750 Hz.

5
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(4) Figure C4 is the narrowband spectrum of the noise a short time
after the sample for Figure C3. Figure C4 was generated with the analyzer In
the 20 ,000 Hz setting and shows the presence of spikes at 12,300 Hz and
15,800 Hz.

(5) Figures C5, C6 and Cl are narrowband spectra for three noise
samples recorded at position 2 in termi nal set T—07-015-07 (set-07). All
three samples were tape recorded when the set was generating full RF power,
PA doors were open and the equipment fans were vented outside the shelter.
The analyzer was set at 10,000 Hz for Figures CS and C6 and at 20,000 Hz for
Figure Cl. The shelter door was open wide during the sample for Figure C6,
closed for all other samples.

(6) The narrowband spectra show that the whine heard in the
shelters is a comple x tone consisting of several pure tone components In the
audible frequency range. The pure-tone components are present only when the
RF power is up. The tones vary with time , both in magnitud e and In
frequency.

e. Appendix D shows the 1/3-octave band analysis for several operating
conditions. The 1/3-octave band spectra Sh~~ some variation , particularly at
the higher frequencies, even when there was no change in operating conditions
between ana lyzed noise samples.

f. The narrowband , 1/3 octave , octave, and A-weighted data in Appendices
B, C, and 0 show the following :

(1) Opening the PA doors rai ses the A-weighted noise in the shelter
by about 2 dB. This is the case for both ful l RF power and no RF power.

(2) The A-weighted noise level is not measurably affected by RF
power generation. The whine produced by the inverter during RF power
generation is audible but does not raise the overall noise level.

(3) The difference in noise l evels between sets -02 and -07 is
caused by the difference In the blower and fan noise and not by the
difference in the level of the whine.

(4) The noise level in the shelter is reduced by about 2 dB when the
shelter blowers are turned off and all other equipment and equipment
ventilation fans are left on.

(5) The noise level in the shelter is not measurably changed when
the PA exhaust Is switched from outside (surFe r operation) to inside (winter
operation).

6
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(6) In terms of the overall A-weighted noise l evel in the shelter ,
the dominant source Is the PA ventilation system, the next greatest source is
the shelter exhaust system (two blowers), and the third ranked source is the
whine produced by the i nverter during RF power generation.

g. Some noise reduction is fairl y easily attainable , however, s i nce the
dominant source is the PA cooling system, any significa nt noise reduction
requires some redesign.

(1) The most easily attainable noise reduction method is addition of
acousticall y absorptive material to the shelter surfaces. At present, the
shelter wills and cei ling are lined with pa i nted sheetmetal which is
acousticall y reflective in the nid and upper audible frequency ranges. These
reflective wells cause a reverberant buildup of the noise in the shelter.
Approximately 20 ft’ of i-inch thick acoustical foam were pl aced in set -07,
resulting in a 2 dB reductIon in the overall noise level at position 2.

(2) The shelter blowers are mounted on the forward wall of the
shelter and appear easily accessible. Small mufflers , consisting of a short
Section of duct lined with about 2-Inch thick acousticall y absorptive
material , can be placed on the blower intakes. This would yield some noise
reduction. More than 1 or 2 dB cannot be expected since the noise l evel in
the shelter is reduced by onl y 2 dB when the blowers are off.

(3) Reduction of the audible whine requires some redesign of the PA.
The source of the whine is a magnetic component of the I nverter within the
PA. For th is type of component , the followi ng mechanism of noise generation
and propagation would be expected : the AC current in the magnetic component
causes oscillating forces which vibrate the component and its support
structure. The vibration propagates through the chassis to the external
surfaces of the PA. These surfaces then radiate noise into the shelter. The
radiated noise can be reduced by either reduc i ng the oscillating forces at
their source or by interrupting the propagation path. One method of
interrupt i ng the path would be to install vibration isolators somewhere
between the magnetic component and the PA surfaces. A vibration isolator was
jury-rigged . Strips of acoustical foam were pl aced between the i nverter
assembly and its support chassis. Noise levels measured at 22 inches from
the I nverter are listed as itens 12 and 13 in Appendix B. Measurements were
made for two condition s : one wf’th the i nverter bolted in place in Its normal
~~nner, and the other with the inverter on the jury-rigged vibration
isolators. The octave band data show a S and 6 c~ reduction in the 4000 and
8000 Hz band s , produc i ng about 2 1/2 dB reduction in the A-weighted level .
There was an increase in the 16,000 Hz band but this is outside the
A-weighting filter. Anal ysis and further testing are required before a
vibration Isolation syst em should be seriousl y considered. Pdnong the items
requiring resolut ion are whether the reductions in the noise in the 4000 and
8000 Hz bands are i ndeed due to the Isolators and not the result of normal
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tine variation or a change ~n the boundary conditions at the i nverter
chass i s.

6. CONCLUS IONS.

a. Noi se conditions In the two AN/TRC-112 terminal sets measured do not
exceed the US Army hearing conservat i on criteria. The noise condition s are
therefore not considered noise hazardous.

b. The noise levels exceed the lim i ts for reliable telephone or direct
person— to-person corninicat i ons.

c. Subjectivel y, the noise in the shelters is annoying, however , there
are no applicable criteria for annoyance In this case. A signific ant factor
in the annoyance is the audible wh i ne produced by the i nverter.

d. Up to 4 dB of noise reduction can be relativel y easily achieved by
adding acousticall y absorptive material in the ceiling and wall s , and
installing simpl e mufflers on the shelter blowers. Additional noise
reduction and elimin ation of the whine require more extens i ve testing and
some redesign.

e. There is some variat i on in noise l evel among different transmitter
sets. Units l ouder than the two measured may exist.

7 . RECOPQ*MDATIONS.

a. Cont i nue using sets -02 and -07 under present operatTng procedures.

b. If noise levels at 85 dB (A) or higher are suspected in other
transmitter sets , request a noise measurement from the Prevent ’ve Medicine
Office of the cognizant Army Medical Department Act ivity.

c~~c~L~FELIX 1. SACHS . P .E .
Acoustical Engineer
810-Acoustics Division

Wit
EFFE RY 0. NEW
21T, MSC

~tical Engineer
~;o Acoust1cs Division

APPROVED :

ROBERT . FI1Z , JR.
M~1 , MSC
Chief , Bio—Acoustlcs Division
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APPENDIX A

SHELTER BLOWERS
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FIGURE Dl . 1/3 OCTAVE BAND ANALYSIS OF THE NOISE IN
TRANSMITTER SET -02 WITH ALL EQUIPMENT OFF
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FIQJRE 02. /3 OCIAV E BAND ANALYSIS OF THE NOISE
AT POSITION 1 IN SET -02 WITh SHELTER BLOWERS

AND VENTILATION FANS ON, RF POWER OFF
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FIGURE 03. 1/3 OCTAVE BAND ANALYSIS OF THE NOISE
AT POSITION 1 IN SET -02 NORMAL OPERATION WITH
FULL RF POWE R, JUST AFTER START
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FIGURE D4. 1/3 OCTAVE BAND ANALYSIS. CONDITIONS

AS IN FIGURE D3 BUT ONE MINUTE LATER

L 

—- 

0-2

‘4

lId ~~~~~
- - --4- - - - - - - - --~~~~~~~~~~~~~~ - —- - - -  - • - -—-~- -__ --- —~~~ — — — - —  - - —



F - — -  — - -
~~~~~~~~~~~~ ---- -~~~~~~~~~~~~——- - ——.- 4~~~~~~~~~~~~ - .

Acoustical Enqr Noise Reduction Sp Study No. 51-34-L~23-8O, 21 Jun 79

FREQUENCY , Hz
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FIGURE 05. 1/3 OCTAVE BAND ANALYSIS , CONDITIONS
AS IN FIGURE D3 BUT TWO MINUTES LATER
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FIGURE 06. 1/3 OCTAVE BAND ANALYSIS. POSITION
2 IN SET -07, NORMAL OPERATING CONDITIONS, PA
DOOR OPEN, FULL RF POWER , SHELTER DOOR OPEN
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FIGURE D7. 1/3 OCTAVE BAND ANALYSIS.

cONDITIONS SAME AS FOR FIGURE D6 BUT
SHELTER DOOR CLOSED
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FIGURE 08. 1/3 OCTAVE BAND ANALYSIS.

CONDITIONS SAME AS FOR FIGURE D7 BUT
SOME TIME LATER
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